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Introduction
	 Heat	 stress	 could	 be	 reason	 of	 the	 significant	
increase	 of	 production	 cost	 in	 the	 dairy	 industry.	
Armstrong	 (1994)	noticed	 that	 the	 relative	daily	
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to	each	class	of	parity	 (P1,	P2,	P3,	P4	and	P5)	and	region.	During	 the	analysed	period,	 the	highest	
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Temperature-humidity index values and their significance  
on the daily production of dairy cattle













V. GANTNER et al.: Daily production of dairy cattle, Mljekarstvo 61 (1), 56-63 (2011) 57















































computed	 as	 the	 time	 from	 the	 beginning	 of	 pre-




control	 of	 production	data	was	 performed	 accord-
ing	to	ICAR	standards	(2003).	The	yields	recorded	
after	 the	500th	 lactation	day	was	deleted	 from	the	
dataset.
	 According	to	the	parity,	cows	were	divided	into	
five	 classes	 that	 are	 heifers	 (P1),	 cows	 in	 second	
lactation	(P2),	cows	in	third	lactation	(P3),	cows	in	








and	 S4	 -	winter	 -	 including	 the	 period	 from	 Janu-
ary	 till	March).	Cows	were	divided	 in	 two	 calving	
season	subgroups	regarding	the	calving	date	(C1	and	
C2	 that	 include	 animals	 calved	 in	 spring/summer	
and	 autumn/winter	 season).	 In	 accordance	 to	 the	
geographical	and	climatic	characteristics	of	Croatia	
three	 different	 regions	were	 formed,	 namely	East,	
Mediterranean,	 and	 Central	 region	 where	 2795,	





P1 P2 P3 P4 P5
				Daily	milk	yield,	kg 16.62±6.69 17.73±7.84 17.89±7.93 17.34±7.54 15.93±6.79
				Daily	fat	content,	% 4.23±0.91 4.25±0.95 4.22±0.95 4.17±0.94 4.09±0.92
				Daily	protein	content,	% 3.47±0.48 3.50±0.49 3.47±0.48 3.45±0.47 3.44±0.46
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	 The	 significance	 of	 differences	 between	 the	
means	of	the	daily	milk	yield,	as	well	as	between	the	












	 Comparing	 the	monthly	 averages	 of	microcli-









Ta,	°C RH,	% THI Ta,	°C RH,	% THI Ta,	°C RH,	% THI
I./S4 7.5±4.3 69.5±9.8 47.5±6.6 10.3±4.7 70.7±9.6 51.7±7.1 9.6±4.5 73.8±8.7 50.5±6.9
II./S4 8.1±4.6 67.5±9.7 48.4±7.0 11.2±4.9 68.6±9.7 53.1±7.2 10.3±4.5 71.9±8.7 51.6±6.9
III./S4 10.2±4.7 67.1±9.9 51.6±7.4 13.3±5.1 66.6±9.9 56.2±7.3 12.1±4.8 69.4±9.1 54.4±7.2
IV./S1 13.8±5.2 66.4±9.3 56.9±7.8 17.0±5.1 64.0±9.4 61.5±7.2 16.1±4.8 66.9±4.8 60.3±7.0
V./S1 17.6±5.8 65.5±9.8 62.5±8.5 20.4±5.1 65.5±9.7 66.6±7.4 19.8±5.1 67.5±9.5 65.8±7.5
VI./S1 20.4±6.1 67.4±9.7 66.7±9.0 23.3±5.2 67.7±9.2 70.9±7.8 22.5±5.1 68.9±9.5 69.8±7.6
VII./S2 23.1±6.1 66.1±9.9 70.6±8.8 24.9±4.7 68.6±9.5 73.5±6.9 23.9±4.9 68.7±9.8 71.9±7.3
VIII./S2 21.7±5.8 66.2±9.9 68.6±8.3 23.5±4.7 68.6±9.6 71.4±7.1 22.9±4.5 69.6±9.1 70.7±6.9
IX./S2 18.8±5.6 66.6±9.8 64.3±8.0 20.3±4.7 69.8±9.3 66.7±7.1 19.5±4.7 70.9±8.8 65.5±7.1
X./S3 14.6±5.4 69.6±9.7 58.1±8.1 17.0±4.9 70.1±9.0 61.8±7.3 15.9±4.7 71.9±8.5 60.1±7.2
XI./S3 10.9±5.1 69.9±9.4 52.2±7.8 13.2±4.9 70.5±9.8 56.1±7.4 12.5±4.5 72.6±9.0 55.0±6.9
XII./S3 8.4±4.8 70.5±9.8 48.7±7.4 11.2±4.7 72.1±9.6 53.1±7.1 10.3±4.6 74.1±8.6 51.6±7.0
Ta	-	ambient	temperature	(°C);	RH	-	relative	humidity	(%);	THI	-	temperature-humidity	index
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ity	 level.	 The	 bovine	 thermal	 comfort	 zone	 is	 -13	





health	 status	 and	 production	 performance	 are	 af-
fected.	Berman	(1968)	determined	that	for	lactat-
ing	dairy	cows	the	ambient	temperatures	above	25	
°C	are	 associated	with	 lower	 feed	 intake,	drops	 in	
milk	production	 and	 reduced	metabolic	 rate.	Ber-




to	minimize	 the	 rise	 in	body	 temperature.	Bianca	
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Lowest	 frequency	 of	 days	 with	 heat	 stress	 condi-




	 Effect	 of	 exceeded	 THI	 on	 daily	 milk	 yield	
and	components	in	relation	to	parity	classes	and	cli-
matic	 regions	 are	 shown	 in	 table	 3.	Highly	 signifi-
cant	 (P<0.01)	decrease	of	daily	milk	 yield	due	 to	















	 Deteriorate	 effect	 of	 exceeded	 THI	 on	 daily	
milk	yields	 and	components	were	also	observed	 in	
other	 studies.	 Ingraham	 (1979)	 estimated	 that	
milk	yield	reduction	was	0.32	kg	per	unit	 increase	
in	 THI.	 Schneider	 et	 al.	 (1988)	 observed	 that	
heat	 stressed	 dairy	 cows	 in	 one	 chamber	 experi-

















T1 T2 T1 T2 T1 T2
P1
Daily	milk	yield,	kg 17.734A 16.814B 17.264A 16.497A 15.809A 15.452B
Daily	fat	content,	% 4.110A 4.061B 4.246A 4.196B 4.279A 4.208B
Daily	protein	content,	% 3.445A 3.401B 3.452A 3.395B 3.447A 3.389B
P2
Daily	milk	yield,	kg 19.076A 18.038B 18.322A 17.842B 16.910A 16.605B
Daily	fat	content,	% 4.128A 4.057B 4.281A 4.241B 4.293A 4.208B
Daily	protein	content,	% 3.474A 3.414B 3.514A 3.470B 3.502A 3.440B
P3
Daily	milk	yield,	kg 19.173A 18.597B 18.564A 18.091A 17.187A 16.826B
Daily	fat	content,	% 4.107A 4.049B 4.229A 4.199B 4.256A 4.196B
Daily	protein	content,	% 3.443A 3.380B 3.470A 3.429B 3.466A 3.409B
P4
Daily	milk	yield,	kg 18.605A 18.312B 18.053A 17.518B 16.687A 16.291B
Daily	fat	content,	% 4.075A 4.023B 4.189A 4.134B 4.195A 4.167B
Daily	protein	content,	% 3.432A 3.375B 3.451A 3.416B 3.449A 3.398B
P5
Daily	milk	yield,	kg 16.947A 16.269B 16.762A 16.398B 15.445A 15.161B
Daily	fat	content,	% 4.020A 3.941B 4.102	A 4.054B 4.099A 4.049B
Daily	protein	content,	% 3.411A 3.358B 3.447A 3.387B 3.433A 3.376B
*the	values	within	the	classes	of	parity	and	regions	marked	with	the	different	letters	differ	highly	significant	(P>0.01)
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each	0.55	°C	increase	 in	rectal	temperature)	when	





increasing	 body	 temperature	 on	 cow	performance.	
Umphrey	 et	 al.	 (2001)	 reported	 that	 the	 partial	
correlation	between	milk	yield	and	rectal	tempera-
ture	for	cows	in	Alabama	was	-0.135.	Ravagnolo	et	
al.	 (2000)	determined	 that	milk	 yield	 declined	 by	
0.2	kg	per	unit	increase	in	THI	when	THI	exceeded	
72.	Bouraoui	et	al.	(2002)	observed	that	the	daily	
THI	 was	 negatively	 correlated	 to	 milk	 yield	 (r	 =	
-0.76)	 and	 feed	 intake	 (r	=	 -0.24).	 Same	 authors	
also	determined	 that	milk	yield	decreased	by	0.41	















that	 the	 delayed	 impact	 of	 climatic	 variables	 on	
production	could	be	related	to	altered	feed	intake,	
delay	 between	 intake	 and	 utilization	 of	 consumed	
nutrients,	or	changes	in	the	endocrine	status	of	the	
cow.





vs.	0.43)	yields	during	 summer	 in	 regard	 to	 spring	
period.	The	depressions	in	milk	fat	and	protein	per-
centages	 associated	 with	 heat	 stress	 environments	
were	 also	 determined	 by	 Rodrigez	 et	 al.	 (1985).	
On	the	other	hand,	Knapp	and	Grummer	(1991)	




use	 of	 total	mixed	 rations	 (TMR)	which	 probably	
alleviate	 milk	 fat	 depression	 commonly	 associated	
with	heat	stress	by	maintaining	the	intended	forage	
to	 concentrate	 intake	 and,	 ensuring	 adequate	 fibre	
for	proper	rumen	fermentation.	 In	the	same	study	
Knapp	 and	Grummer	 (1991)	 observed	decrease	






















and	 summer	 season	 in	 all	 analysed	 regions.	 The	
highest	incidence	of	exceeded	THI	was	observed	in	
Mediterranean	region	(15	days	in	spring	and	38	days	
in	 summer	 period).	 Absence	 of	 heat	 stress	 condi-
tions	during	autumn	and	winter	season	characterised	
all	three	regions.
	 Highly	 significant	 (P<0.01)	 decrease	 of	 daily	
milk	 yield	 due	 to	 enhanced	 THI	 was	 observed	 in	




cows	and	 in	all	 analysed	 regions.	Furthermore,	 the	
most	deteriorate	effect	of	heat	stress	was	observed	
in	East	 region.	During	heat	 stress	period,	with	 the	
aim	of	minimization	of	the	effects	of	heat	stress,	it	
is	necessary	to	regulate	management	strategies	in	the	
dairy	herd.	There	 are	many	 tools	 available	 to	help	
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Utjecaj vrijednosti  
temperaturno-humidnog indeksa  
na dnevnu proizvodnju mliječnih goveda
Sažetak
	 Ciljevi	 su	 provedenoga	 istraživanja	 bili	 utvrdi-
ti	mikroklimatske	 uvjete	 u	 proizvodnim	 objektima	
u	 tri	 klimatske	 regije	 Hrvatske	 (istočna,	 medite-
ranska	te	centralna)	te	evaluirati	utjecaj	vrijednosti	
temperatutno-humidnog	 indeksa	 (THI)	 na	 dnevnu	
proizvodnju	mliječnih	goveda.	U	tom	je	cilju	iz	baze	
podataka	 HPA	 (Hrvatske	 poljoprivredne	 agencije)	
ekstrahirano	1675686	dnevnih	zapisa	prikupljenih	u	












vrijednosti	 temperaturno-humidnog	 indeksa	 (THI)	
utvrđene	 u	 mediteranskoj	 regiji.	 Toplinsko	 stresni	
uvjeti	 indicirani	 prosječnom	 dnevnom	 vrijednošću	
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